The 8890 nucleotide RNA sequence of shallot virus X (ShVX), a new virus isolated from shallot, has been determined. The sequence contains six open reading frames (ORFs) which encode putative proteins (in the 5' to 3' direction) of Mr 194528 (ORF1), 26333 (ORF2), 11245 (ORF3), 42209 (ORF4), 28486 (ORF5) and 14741 (ORF6). The ORF1 protein was found to be highly homologous to the putative potexvirus RNA replicases; ORF2, -3, -5 and -6 proteins also have analogues among the potex-and/or carlavirus-encoded proteins. ORF3 is followed by an AUG-lacking frame coding for an amino acid sequence homologous to that of the 7K to 8K proteins of the triple gene block of the above-mentioned viruses. The putative ORF4 protein has no reliable homology with proteins in the database. The results obtained testify that, except for the unique 42K protein gene, the ShVX genome combines a number of elements typical of both carla-and potexviruses.
Introduction
We have recently found a new kind of flexuous filamentous potyvirus-like particle in shallot plants (Vishnichenko et al., 1992) which is, however, serologically unrelated to either of two identified Allium potyviruses, onion yellow dwarf virus and leek yellow stripe virus, and forms no cytoplasmic inclusions typical of potyvirus infection (Hollings & Brunt, 1981) . This previously unknown viral pathogen of shallot has been provisionally named 'shallot virus X' (ShVX) (Vishnichenko et al., 1992). The RNA isolated from ShVX preparations is an ssRNA about 9000 nucleotides long.
In this report we present the nucleotide sequence of ShVX RNA. Analysis of open reading frames (ORFs) and the amino acid sequences of the putative protein products reveals a combination of elements typical of both carla-and potexviruses. An exception to this is a putative ORF4 protein, which bears no analogy to any protein known to date.
Methods
Virus purification and preparation of viral RNA. The virus was isolated from shallot plants (selection sample 83 from the Institute of Vegetable and Seed Production, Moscow Region, Russia) grown at 28 °C as described previously (Vishnichenko et al., 1992) . The virus suspension was mixed with an equal volume of extraction buffer containing 0.2 Mammonium carbonate pH 9.0, 2 mM-EDTA, 2 % SDS and proteinase K 0001-1008 © 1992 SGM (15 ~tg/mg of virus). The mixture was incubated for 15 min at room temperature, after which the RNA was extracted twice with phenolchloroform, once with chloroform and precipitated with 2.5 volumes of cold ethanol in the presence of 0.1 M-sodium acetate. The RNA precipitate was washed with 70% ethanol, dissolved in sterile water and stored frozen at -70 °C.
cDNA synthesis, cloning and sequencing. The double-stranded eDNA for the ShVX RNA was synthesized essentially as described previously (Levay & Zavriev, 1991) . The cDNA was ligated to a Sinai-digested pGEM-7Zf(+) (Promega) or HinclI-digested pGEM-3Z plasmid and transformed into competent Escherichia coli XL-1B cells (Stratagene Gene Cloning System). To detect clones containing the T-terminal virus-specific sequences, ampicillin-resistant transformants were screened by filter colony hybridization with short fragments of the 32p_ labelled first strand of ShVX cDNA produced with oligo(dT)l 5-primed reverse transcriptase. The arrangement and the insert size of the selected recombinant cDNA clones were determined by crosshybridization and restriction analysis of plasmid DNA.
A nested series of exonuclease III deletions were generated from the original eDNA clones by use of the Erase-a-Base system (Promega). Dideoxynucleotide sequencing of ss-and dsDNA templates was carried out using [~-32p] dATP (Institute of Applied Chemistry, St Petersburg, Russia) and modified T7 DNA polymerase (Sequenase, U.S. Biochemicals). The extreme 5'-terminal nucleotides of ShVX RNA were sequenced by dideoxynucleotide sequencing using reverse transcriptase and the 32p-end-labeUed synthetic primer 5' dCAGCTTTCGTGTTCGGG 3" complementary to nucleotides 137 to 153 of the final sequence. The cDNA was sequenced in both directions and about 80% of the sequence was determined by examining two or three clones covering each particular region.
In vitro translation. For in vitro translation of the ShVX ORF2, -4 and -5 proteins, the RNAs were synthesized with phage T7 or SP6 RNA polymerase from linearized plasmids pX55 (eDNA insert 5229 to 6135, T7), pX5 (5500 to 7745, T7) and pX34 (7430 to 8890, SP6), respectively. Each RNA (1 tag) was translated in a mixture of 10 taCi of [3sS]methionine, 125 tam of each amino acid except methionine and 10 tal of rabbit reticulocyte lysate (25 tal final volume). The translation products were analysed according to Laemmli (1970) in 15~ polyacrylamide-SDS gels.
Isolation and Northern blot hybridization of the RNA from infected plants. Total RNA was isolated from green shallot tissue as described by Palmiter (1974) . Denaturing gel electophoresis of total RNA was carried out in a formaldehyde-containing 1 ~ agarose gel, after which the nucleic acid was transferred onto a 0-45 tam charge-modified nylon membrane filter (Sigma) in 20 x SSC using an LKB apparatus for vacuum blotting of nucleic acids, as described by Kroczek & Siebert (1990) . Virus-specific RNAs were revealed with a heavily 32p-labelled RNA transcript complementary to the T-proximal region of ShVX RNA which was synthesized using phage SP6 RNA polymerase on the pX23 plasmid (cDNA insert 8336 to 8890; Fig. 1 Levay & Zavriev, 1991) , potato aucuba mosaic virus (PAMV; Bundin et al., 1986) , potato virus X (PVX; Huisman et al., 1988) , white clover mosaic virus (WCIMV; Forster et al., 1988), narcissus mosaic virus (N MV; Zuidema et al., 1989) , papaya mosaic virus (PMV; Sit et al., 1989) , lily virus X (LVX; Memelink et al., 1990) , clover yellow mosaic virus (CYMV; Sit et al., 1990) , strawberry mild yellow edge-associated potexvirus (SMYEV; Jelkmann et al., 1990) , turnip yellow mosaic virus (TYMV; Morch et al., 1988) and apple chlorotic leaf spot virus (ACLSV ; German et al., 1990) were predicted from the nucleotide sequences of the viral RNAs. The initial sequence alignments of the virus proteins were made with the MULTALIN program (Corpet, 1988) . The detailed alignments were made upon visual inspection of the homologous regions revealed using the program.
Results and Discussion

Isolation and sequencing of viral cDNA clones
To elucidate the nucleotide sequence of ShVX RNA, four cDNA clones were initially selected: pX23, pX8, pX34 and pX43 (Fig. 1) . The cDNA inserts of these clones except pX43 contained a poly(A) tail 15 to 43 nucleotides long, with identical sequences adjacent to it. Clone pX43 overlapped with clones pX23, pX8 and pX34, and ended 71 nucleotides away from the poly(A) tail.
Clones containing the Y-terminal regions of ShVX RNA were selected stepwise by colony hybridization with 3'-end-32p-labelled cDNA inserts containing sequences most remote from the RNA 3' end. In this way we picked out another eight plasmids that contained overlapping cDNA inserts (Fig. 1) .
The cDNA nucleotide sequence corresponding to the ShVX RNA [8890 nucleotides excluding the T-terminal poly(A)] and the deduced polypeptide sequences are shown in Fig. 2 . Since the first nucleotide could not be unequivocally identified by dideoxynucleotide sequencing using reverse transcriptase (see Methods), it is denoted N in Fig. 2 . The sequence of the ShVX 5'-terminal 98 nucleotide non-translated region is very similar to that of PVX RNA determined by Morozov et al. (1983) and Huisman et al. (1988) . The T-terminal nontranslated region is 112 nucleotides long and ends in a poly(A) tail. The ShVX RNA also contains internal noncoding regions between ORF1 and ORF2 (62 nucleotides), between ORF3 and ORF4 (113 nucleotides) and between ORF4 and ORF5 (26 nucleotides). The overall base composition of ShVX RNA is 28-6~o A, 22.2~ U, 20"6~o G and 28.6~ C.
The ShVX RNA sequence determined with independent cDNA clones displays a fairly high incidence of base changes (about 4 ~) which mostly, however, do not result in amino acid changes (Fig. 2) .
Coding regions and genome organization
Analysis of the ShVX RNA sequence shows the presence of six ORFs (Fig. 1) 
The ShVX ORF1 protein sequence displays a high extent of similarity in three extensive regions with virus-
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ACGTGAC~TCACGAT'IGTTGATATAGCTAAACTTACTCTGCTACJUICATTTG IO TCCCCGCGACA n 8890 50 TLERFGITTSPFATTSHTHAADKIIENDCLT-16-LKRSKI-8-FQNYCHEPKDVLRYG 50 D**G***A*N*YSIEL*****A*T***KL*E-15-**PR*L-9-***VAI**R**A**P 54 K*SMA**YL**YSAVV*S*PVC*TL**YI*Y-15-1*ER*L-II-VV*RYVTSA*RM**T 54 WFTKS*VYL****YVN*S*PGC*TL**HL*F-20-N*M**M-9-1L*RLVTA**KA*** 65 L*NSY**P**GLGTSH*P***H*T**TFL*C-15-M*P**F-8-LK**RLH*N*ST**P ShVX 1416 YTSDYTQYDQSQ-40-IMRLSAEGPTFDANTEC-15-RASYAGDDLVRD-16-PVX 1239 ************-**-*****************-**-************-**-PVM 1692 TE EAF A -40-F G'AS* LF* LA-I5-FICF MCAS-16-ACLSV 1585 VE****AF*V**-40-***FTG*PS**LF**LA-IS-PICF****MCAL-16-TYMV 1576 IAN***AF****-4D-C***TG*PG*Y*D**DY-14-P IMVS***SL 1*-16-D E ShVX SLKAKPL-6-FCGWRL PVX L**S**V-II-****LI PVM K****VQ-6-****H* ACLSV *****VN-6-****** TYMV H*RF*LE-6-***YYV specific RNA replicases of potex-, carla-and tymoviruses, as well as the closterovirus ACLSV (Fig. 3) . These regions in the N-terminal, central and C-terminal parts of the ShVX 195K protein contain motifs typical of the putative methyl transferase (Fig. 3a) , helicase (Fig.  3b) and polymerase (Fig. 3c) The closest similarity is found between the ShVX ORF1 protein and the putative RNA replicases of potexviruses (Fig. 3) . It should be mentioned that general homology is observed virtually throughout the entire length of these proteins barring the region between the putative methyl transferase and helicase domains, which is characteristic of all potexviruses (Skryabin et al., 1988;  Rozanov et al., 1990) . We conclude that the ShVX ORF1 encodes a virus-specific RNA replicase evolutionarily closely related to those of potexviruses. (ii) ORF2 and ORF3 All carla-and potexviruses whose genome structure has been established to date, except LVX (Memelink et al., 1990) , code for proteins of the triple gene block . The ORF2 26K polypeptide contains amino acid motifs which are conserved in NTP-dependent DNA helicases, including the GXGKS/T motif (Gorbalenya et al., 1988) . The same conserved motifs are also found in homologous proteins of barley stripe mosaic hordeivirus (58K protein), beet necrotic yellow vein, furovirus (42K protein), and Nicotiana velutina mosaic virus (29K protein) (Rupasov et al., 1989; Randles & Rohde, 1990) . Homologies between the ShVX 26K protein and its counterparts of carla-and potexviruses are shown in Table 1 . The in vitro translation product of the ORF2-containing RNA transcript is shown in Fig. 4 , lane 1. The ShVX RNA ORF3 encodes an I l K protein analogous to the corresponding triple gene block proteins of all carla-and potexviruses (Table 1) . Analysis of the hydrophobicity of the 11K protein using the method of Kyte & Doolittle (1982) shows long hydrophobic stretches. This is also typical of the 12K and 7K to 8K proteins encoded by the triple gene blocks of carla-and potexviruses, as well as of small non-virion proteins of some other viruses (Rupasov et al., 1990) . The ShVX 11K protein can probably interact with membranes, as demonstrated in vitro for the 12K and 8K proteins of PVX and the 7K proteins of PVM and PVS (Morozov et al., 1990b (Morozov et al., , 1991 .
The ShVX RNA also contains an ORF lacking the initiation codon and coding for an amino acid sequence homologous to those of the 7K to 8K proteins of carlaand potexviruses. This ORF is located around the nontranslated region between ORF3 and -4 (Fig. 1) . The same situation is found in the LVX genome (Memelink et al., 1990) . The 7K to 8K protein analogues of ShVX and LVX might be initiated through the use of an unusual initiation codon, or expressed by some as yet unknown alternative translation mechanism.
(iii) ORF4 The polypeptide encoded by ORF4 attracts most interest, not only because such an ORF is absent from the carla-and potexvirus genomes, but also because no appreciable homology has been found between this protein and those available from the protein sequence database. Another fact worth attention is that this putative polypeptide is extremely rich in serine residues. Analysis of the 42K sequence according to Trifonov's algorithm (Trifonov, 1987) suggests that it can be expressed in eukaryotic systems. Indeed, in vitro translation of an ORF4-containing RNA transcript gives rise to a 40K to 42K protein (Fig. 4, lane 2) .
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(v) ORF6
The coat protein gene ORF5 is followed by an O R F coding for a cysteine-rich protein. This is a feature typical of all carlaviruses (Haylor et al., 1990; Levay & Zavriev, 1991) . The ORF6 protein, like the analogous proteins of other carlaviruses, contains a highly conserved region which comprises a basic arginine-rich domain and a putative Zn finger motif (Klug & Rhodes, 1987) . However, one of the four conserved Cys residues forming the structure of the putative Zn fingers of the carlavirus 3' O R F proteins is replaced with His in the ShVX 15K protein (Fig. 6) . Analogous 'finger' structures are found in other plant virus-specific proteins (Sehnke 
Subgenomic (sg) RNA analysis
By analogy to carla-and potexviruses, the Y-proximal part of the ShVX genome may be expressed through two sgRNAs (Guilford & Forster, 1986; Dolja et al., 1987; Mackie et al., 1988; Monis & de Zoeten, 1990) . To test this hypothesis, we have analysed the total R N A isolated from infected plants by Northern blot hybridization with a 32p-labelled R N A transcript complementary to the Y-terminal region of the ShVX R N A (see Methods). Besides genomic RNA, there was only one sgRNA detected, about 1500 nucleotides long (Fig. 7) , probably encoding the viral coat protein. The origin of the minor band above the 23S r R N A marker is obscure, and its size (about 4500 nucleotides) makes it an unlikely candidate for the role of a sgRNA for the triple gene block. The absence of a 'conventional' sgRNA about 3500 nucleotides long for the latter is rather surprising, and cannot be adequately explained as yet.
General conclusions
Our analysis of the ShVX genome structure demonstrates that it contains all elements common to carla-and potexviruses. However, ShVX is distinguished by an unusual gene, ORF4, the product of which has no analogues known to date. Furthermore, a peculiarity of the structural organization of ShVX RNA, like that of LVX (Memelink et al., 1990) , is the lack of an ORF for the smaller protein of the triple gene block. It has been shown recently that the triple gene block proteins, including the 7K protein of the potexvirus WC1MV, are required for transport (Beck et al., 1991) . Therefore, the lack of analogues of the 7K to 8K proteins in ShVX and LVX can be expected to result in some peculiarities of their transport mechanisms. Thus, the ShVX genome offers a good example of the evolutionary combination of virus-specific elements now found in different groups of viruses. It can be stated that phylogenetically this virus occupies an intermediate position between carla-and potexviruses.
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